Compared with the well-documented association with betel-related cancer, little is known about the long-term effect of areca nut chewing on other fatal diseases. The authors' analyses were based on a population-based cohort study in Taiwan, including 4,049 participants aged 60 years or older enrolled in 1989 and 2,462 participants aged 50ÿ66 years enrolled in 1996. Information regarding betel quid chewing and covariates was collected at baseline and was updated at subsequent interviews. Proportional hazards analysis was performed to determine the effect of chewing on all-cause and cause-specific deaths. During a mean follow-up of 9.5 years, 2,309 deaths occurred. Ever chewers were at higher risk of only total (hazard ratio ¼ 1.19, 95% confidence interval: 1.05, 1.35) and cerebrovascular (hazard ratio ¼ 1.66, 95% confidence interval: 1.19, 2.30) deaths. Furthermore, increased chewing-years or quid-years appeared to be associated with increased mortality risk (linear trend: p ¼ 0.02 for total mortality and p ¼ 0.001 for cerebrovascular mortality). The authors found that, although betel quid chewing resulted in a statistically significant increase in the risk of total and cerebrovascular deaths in the elderly population, the associations were weak and should be interpreted with caution. Further studies are needed to confirm these findings and to better understand the possible mechanisms of death.
Areca nut chewing is an indigenous habit common in habitats of the tropical palm trees bearing the nut, notably in Central, South, and Southeast Asia, and some South Pacific islands (1) . It is estimated that the habit is practiced by 200ÿ600 million persons around the globe, accounting for 10ÿ20 percent of the world's population (1, 2) . With the growing number of immigrants from those areas, consumption of areca nut is increasing in western Europe and North America (2) , where areca nut chewing, compared with tobacco use and alcohol intake, remains an underrecognized public health issue.
Across countries, areca nut is prepared in different ways from different forms of areca nut to betel quid-a mixture of areca nut and flavoring ingredients with or without processed tobacco leaves. For example, in India, Pakistan, Bangladesh, and Sri Lanka, the fresh, dried, or cured areca nut is commonly chewed with slaked lime, some flavorings, and cut tobacco leaves or powder wrapped in betel leaf (1, 3) . However, in Taiwan, the unripe areca nut is often chewed with slaked lime, sometimes together with betel inflorescence or betel leaf, but tobacco is not added (3, 4) . Although areca nut or betel quid is used as a psychoactive substance (5) , its carcinogenic effect has been observed in both animal and epidemiologic studies (6) . In 2004, the International Agency for Research on Cancer confirmed areca nut and betel quid as human carcinogens with sufficient evidence of increased risk of precancerous oral fibrosis and cancer of the oral cavity, pharynx, and esophagus (3) .
Except for cancer of the upper digestive tract, populationbased studies examining the long-term association of areca nut chewing with other types of cancer or other diseases have been relatively rare. Only a few cross-sectional surveys have attempted to examine the association between areca nut and psychological symptoms (5) or diabetes (7) . A major reason is lack of cohort studies to facilitate longitudinal assessment of their causal relation and to eliminate the confounding effect of tobacco potentially existing in the study because areca nut is often chewed with tobacco (8, 9) . It therefore remains unclear whether areca nut chewing has effects similar to those for cigarette smoking on the development of different diseases such as cardiovascular diseases (10) . As mentioned, in Taiwan, betel quid is chewed without tobacco, which provides an opportunity to better understand the independent effect of betel quid on diseases (8, 9) . Using nationwide health data, we previously identified the link between betel quid chewing and obesity (11), a predisposing factor for cardiovascular, metabolic, and other chronic diseases. In the present cohort study, we extended our analyses to prospectively examine the relations of betel quid chewing with total and cause-specific mortality.
MATERIALS AND METHODS

Study cohort
The Survey of Health and Living Status of the Near Elderly and Elderly in Taiwan, a prospective cohort study jointly funded by the US National Institute on Aging and the Taiwan government, was conducted by the Taiwan Provincial Institute of Family Planning (now incorporated into the Bureau of Health Promotion, Department of Health, Taiwan) and the Population Studies Center at the University of Michigan. The study began in 1989 with a sample of 4,049 persons aged 60 years or older. The sample was reinterviewed in 1993. In addition to elderly persons, the nearelderly population has grown into a crucial constituent of the rapidly aging society. Taking this factor into consideration, with its 1996 interview, the study was extended to include a sample of 2,462 persons aged 50-66 years. The interview was conducted again in 1999 so that all 6,511 study participants were interviewed at 3-to 4-year intervals. Both samples were drawn, through a three-stage probability sampling method (12, 13) , from the entire elderly or nearelderly population of Taiwan. Data used in this analysis comprise four waves (1989, 1993, 1996 , and 1999) of inperson interviews for the 1989 elderly cohort and two waves (1996 and 1999) for the 1996 near-elderly cohort.
Betel quid chewing and covariates
In the initial interview, study participants were asked to report whether they chewed betel quid. Betel quid users were asked to provide information on starting age and average amount consumed daily. Former users were also asked their age at quitting. Those having tried chewing only one or two times in their lifetime were regarded as never chewers. A half quid per day was used to represent the amount of quid consumed per day for those who chewed less than one quid per day on average. Chewing status was updated in subsequent interviews throughout the study period so we could calculate cumulative time and amount of chewing. Similar to pack-years or cigarette-years of smoking commonly used in smoking-related studies to evaluate long-term cumulative exposure, quid-years of chewing were calculated by multiplying the number of betel quids per day by the number of years of chewing reported at the last interview.
Other information collected at baseline through a predesigned, pretested questionnaire included age, sex, living area as an indicator of geographic variations in social and health status, functional status, and selected history of chronic conditions reported by the physicians. Similar items in followup questionnaires were used to update information. Because questions regarding difficulties in daily functioning activities were not consistent across interviews, difficulty in bathing was used as the indicator of functional status. In addition, information regarding cigarette smoking and alcohol intake was also considered because use of these substances may confound the relation between betel quid chewing and diseases or mortality (4, 14) .
To better control these confounders in the survival analyses, we used, in addition to smoking and drinking status, cumulative pack-years of smoking and average weekly ethanol consumption to quantify the use of cigarettes and alcohol. Cumulative pack-years of smoking were calculated as average daily use of cigarettes across interviews multiplied by cumulative smoking-years divided by 20. Level of cigarette smoking was further grouped into five categories: never, low (<12 pack-years), middle (12-36 pack-years), high (>36 pack-years), and ever smokers without detailed smoking information.
Average weekly ethanol consumption was defined as the average amount of ethanol consumed weekly across interviews. Because ethanol content is determined by both beverage type (4.5 percent in beer, 12 percent in wine, 40 percent in liquor, and 8 percent in Chinese medicinal wine) and unit per drink (600 ml in a large bottle, 300 ml in a small bottle, 350 ml in a can, 120 ml in a large glass, and 20 ml in a small glass), weekly ethanol amount for a consumed beverage was calculated as follows: ethanol content for the beverage 3 total amount for each type consumed 3 frequency per week. The weekly ethanol amounts for different consumed beverages were then added to produce weekly ethanol consumption. Similarly, level of ethanol consumption was categorized as never, low (<10 ml of ethanol), middle (10-85 ml of ethanol), high (>85 ml of ethanol), and ever drinkers without detailed drinking information.
Outcome measures
Deaths that occurred between the initial interviews in 1989 for the elderly cohort and 1996 for the near-elderly cohort and December 31, 2003, were reported by families of study participants at subsequent interviews and were confirmed by the national death registry at the Department of Health, Taiwan, from which detailed information about the death, including the dates and major causes, was also obtained. Causes of death were classified by using the coding system of the International Classification of Diseases, Ninth Revision, Clinical Modification (15) . In the analysis, all causes of death were grouped into cancer, diabetes, cardiovascular conditions, liver cirrhosis, respiratory conditions, and other causes. Some of these groups were further classified into subgroups. Cancer was divided into oral cavity and esophagus, stomach, liver, lung, and others. Cardiovascular conditions were divided into coronary heart disease, cerebrovascular disease, and others. Respiratory conditions were categorized as pneumonia and chronic obstructive pulmonary disease. These groups or subgroups were the main causes of death commonly seen in Taiwan in recent years (16) .
Statistical analysis
In the descriptive analysis of baseline information and chewing status, frequency distributions for categorical variables or means plus standard deviations for continuous variables were used. A chi-square test or independent t test, as appropriate, was used to compare never chewers with ever chewers. Survival data were modeled with Cox proportional hazards regressions to estimate hazard ratios associated with groups of deaths from different causes among groups of chewers. The assumption of proportional hazards, the constant hazard ratio or proportionality of hazards from one case to another over time, was tested graphically. The log survival probabilities plot stratified by chewing status showed two separate lines, indicating no violation of the assumption. Results were consistent across the two cohorts in the models; the data were therefore combined.
In addition to age-and sex-adjusted models, multivariate models were also adopted to assess confounding in the association between betel quid and mortality with the adjustment of covariates that had previously been tested with significant differences between never-and ever-chewer groups in the descriptive analysis. Curves for overall survival were estimated by the Kaplan-Meier method (17) . Cumulative years and quid-years of chewing, stratified into groups, were further used to examine the dose-response relation. Because 247 ever chewers were either uncertain about or failed to provide the exact number of quids per day, a category listed as ''missing'' was added in the analysis of quid-years of chewing. A test for trend was also conducted by treating cumulative chewing-years and quid-years of chewing as a continuous variable. p values for all tests were two tailed, and statistical differences were considered at the <0.05 level. All analyses were performed by using SPSS version 12 software (SPSS Inc., Chicago, Illinois).
RESULTS
For the 6,511 study participants enrolled, information on betel quid chewing was provided for 6,503 at baseline. At baseline (table 1), about 13.9 percent reported having a betel quid chewing habit currently or in the past. Compared with never chewers, ever chewers were more likely to be men, be younger, live in southern and eastern areas, and have liver disease but were less likely to have hypertension, anemia, heart disease, arthritis, and physical difficulty. Chewers also tended to be cigarette smokers and alcohol users. A total of 2,309 deaths occurred during follow-up, including 489 from cancer, 184 from diabetes, 684 from cardiovascular conditions, 50 from liver cirrhosis, 266 from respiratory conditions, and 636 from other causes. The average follow-up period was 9.5 years (standard deviation, 4.2), with 10.9 years (standard deviation, 4.7) for the 1989 cohort and 7.2 years (standard deviation, 1.3) for the 1996 cohort. Only a borderline significant association was detected between chewing status and cancer of the oral cavity and esophagus, with adjustment for age and sex. However, this weak association disappeared after adding other covariates, including living area, hypertension, anemia, heart disease, liver disease, arthritis, physical difficulty, cigarette smoking, and alcohol intake. Ever chewers were at a significantly higher risk than never chewers of dying from cardiovascular conditions, cerebrovascular disease, and all causes, both when age and sex and when age and sex together with other confounding factors were considered in the models (table 2) . The significant risk of cardiovascular conditions was fully attributable to cerebrovascular disease because the risk of other subgroups of cardiovascular conditions was not significant. Figure 1 shows the Kaplan-Meier estimates of time of death or the end of follow-up for the two cohorts. The probabilities of survival for the 1989, 1996, and combined cohorts were significantly lower for ever chewers than for never chewers. The p values for the log-rank test were 0.003, 0.033, and less than 0.001, respectively. Similar results were also observed for death from cerebrovascular disease; p values were 0.003, 0.049, and 0.005, respectively.
The hazard ratios of total death and death from cerebrovascular disease according to level of betel quid consumption in years are shown in table 3. After adjustment for confounders, betel quid chewing-years was associated with both total (p ¼ 0.02 for trend) and cerebrovascular (p ¼ 0.001 for trend) mortality. A significant increase in the risk was observed for chewers who had chewed for 25ÿ39 years and for 40 years or longer when never chewers (chewing year ¼ 0) were considered the reference group. Similarly, quid-years of chewing was related to death from all causes (p ¼ 0.02 for trend) and cerebrovascular disease (p ¼ 0.001 for trend) after the same adjustment. There was z ICD-9, International Classification of Diseases, Ninth Revision; HR, hazard ratio; CI, confidence interval. § Adjusted for age and sex. { Adjusted for sex, age at baseline, living area, and the following factors updated until the last interview: presence or absence of hypertension, anemia, heart disease, liver disease, arthritis, and physical difficulty; and levels of cigarette smoking and alcohol intake. a significantly increased risk for chewers with 350 quidyears or more of chewing (table 4) .
DISCUSSION
In this population-based cohort study in Taiwan, we found betel quid chewing to be associated with mortality from all causes and cerebrovascular disease, but not with mortality from cancer and other causes among near-elderly and elderly persons. Our results also showed dose-response relations in which the increased risks were mainly for chewers who chewed for 25 years or for 350 quid-years or longer compared with those who never chewed. Overall, our findings may provide new evidence linking elevated mortality risk with long-term betel quid chewing.
Betel-related cancer, mainly including that of the oral cavity, pharynx, and esophagus, usually occurs in persons aged 45ÿ65 years. The 5-year survival rate varies from 6 percent to 10 percent for esophagus cancer to 40ÿ50 percent for oral cancer (18) . In Taiwan, results from several studies have indicated that betel quid chewers who had these cancers were significantly younger than nonchewers (9) . For example, the mean age of oral cancer patients with a betel quit chewing habit was 50 years, more than 10 years younger than patients without the habit (19) . Betel quid chewers also reported a poorer prognosis, yielding a significantly lower survival rate than for nonchewers (19) . Moreover, the effect of chewing on oral-related cancer was significantly strong in persons aged 50 years or younger, suggesting a relatively lower risk for those who were older (20) . These characteristics of early age at onset, low survival rate, and different age susceptibility for betel quid chewers probably explain why mortality from cancer, especially betel-related cancer, was not associated with betel quid chewing in our study, because we observed only near-elderly and elderly persons.
Betel quid chewers who might have escaped the risk of betel-related cancer and reached older age, however, were not free from other diseases. In our study, they were at a relatively higher risk of death in later life from either all causes or cerebrovascular diseases. Of course, it is curious and crucial to understand why long-term chewing of betel quid is linked with cerebrovascular diseases, including stroke. Betel quid consumed without tobacco consists, in addition to areca nut, of a complex range of accompaniments covering slaked lime, betel leaf, spices, sweeteners, inflorescence, and/or catechu. Chewing these materials results in exposure to areca nut alkaloids (mainly arecoline and arecaidine), polyphenols, tannin, trace elements (e.g., copper), areca-nut-derived nitrosamines that have been found in chewers' saliva, and other chemicals.
Most of these chemicals' relations with diseases have yet to be identified. Some studies have attempted to unravel the exact mechanisms involved in oral cancer (6) or obesity (21) . As noted previously, the association of areca nut chewing with obesity and diabetes has been observed crosssectionally. It is possible that the contribution of areca nut chewing to cardiovascular, mainly cerebrovascular, death lies in the fact that some of the chemicals from alkaloids may trigger increased appetite and glucose intolerance (7, 11) , which in turn lead to obesity, diabetes, and subsequent death from cardiovascular conditions. The detailed mechanism by which the chemicals singly or jointly induce the specific disease remains unclear and merits further investigation.
On the other hand, the possible cause may have no direct link to these chemicals of betel quid. In recent years, increasing attention has been paid to investigating periodontal disease and its association with cardiovascular conditions, especially cerebrovascular events (22, 23) . For example, the results of a meta-analysis of nine cohort studies indicate that the relative risks of future cardiovascular events and stroke for persons with periodontal disease were 1.44 and 2.85, respectively (24) . Periodontal disease has also been linked with betel quid chewing. In Taiwan, a significantly higher prevalence of periodontal problems was observed in betel quid chewers than in nonchewers (25) , suggesting that betel quid chewers may be at a higher risk of chronic microbial infection (e.g., subgingival infection) that can lead to subsequent cerebrovascular events (26) .
Our study finds its major strengths in its ability to control tobacco use and other potential confounders, to perform a substantial and complete mortality follow-up for as long as 14 years, and to make available the responses to a repeated questionnaire that helped to assess the continuous conditions of betel quid chewing and other covariates.
Some methodologic issues should be considered when interpreting the results. First, although the number of study participants was large, the low prevalence of betel quid chewing in the older population, partly due to the survival effect, may have resulted in an underestimate of the association with mortality. Second, some values for betel quid amount in the analysis of quid-years and mortality were missing, which inevitably reduced the power to evaluate the association. Third, measurement errors in self-reported questions of betel quid chewing as well as other health information, such as chronic conditions included in the study, might have biased the association between betel quid chewing and mortality. Similarly, our results could have been influenced by inaccuracies in identifying the primary cause of death. However, previous reviews found that death certificates and codes in the national death registry files were in overall agreement (27) .
Fourth, certain health-related factors that could also affect chewing habits and other objective measures of physiological conditions, such as blood pressure and biochemical indicators, were not included in the study, which may also have biased the estimation of mortality hazard. Finally, our study was originally designed to understand factors associated with general health and living arrangements, not to determine mortality risks. Our data therefore could not fully control for all potential factors affecting mortality, including diet. As a result, we cannot rule out the possibility of residual confounding by factors that were not evaluated or were not adequately measured or controlled.
In conclusion, these prospective data represent the first report, to our knowledge, from a population-based study of the impact of exposure to betel quid consumption on mortality from different causes. Betel quid chewing is associated with total and cerebrovascular mortality among middle-toold-aged ever chewers. These data also suggest that the effects of betel quid chewing on mortality from all causes and cerebrovascular disease may be cumulative. Nonetheless, we need to be cautious when interpreting these results because the significant, but weak associations still leave room for some skepticism, including possible bias from random error or misclassification. Obviously, more investigations, preferably with a larger sample size and longer follow-up time, are needed to further clarify our findings.
